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The present invention relates to the detection of antibodies, and in particular to the 
5 detection of recently synthesized antibodies produced in response to infection or vaccination 
etc. in samples, by means of a simple method involving the disruption of lymphocytes prior 
to detecting the presence of antibody. 

BACKGROUND OF THE INVENTION 

10 

ELISA has long been used to detect and measure antibody (or antigen) levels. Most 
commonly, ELISA is used as a serological assay, but it is also used to study the 
immunochemical properties of antigens or antibodies, and has frequently found application 
in, for example, the evaluation and characterization of immune responses, to investigate 

1 5 antibody production by cell cultures, and in hybridoma technology. 

The ELISA assay is simple to use, sensitive and relatively quick, but it is only able 
to simply measure the presence of the target antibody in the sample; it cannot distinguish 
between on-going antibody synthesis in response to the antigen, and antibodies already 
present from past infection, or by passive transfer. Whilst in some cases, it may suffice 

20 simply to obtain information concerning the presence of antibody, it is in other cases 
desirable to be able to determine whether or not the detected target antibodies are acutely 
synthesized by the lymphocytes at the time of testing, for example during a vaccination 
course, or in the diagnosis of infection in infants, to distinguish from passively transferred 
maternal antibodies. This cannot be achieved in a classical ELISA method. 

25 Other methods have therefore been developed, which enable on-going antibody 

synthesis to be detected. Particular mention may be made in this regard of the 
enzyme-linked immunospot (ELISPOT) assay (also known as spot ELISA or ELISA-plaque 
assay), as reviewed for example by Czerkinsky et al. in ELISA and other Solid Phase 
Immunoassays, Ed. D.M. Kenneny and S.J. Challacombe, 1988, Chapter 10, 217-239. This 

30 technique, based on the ELISA method, enables the enumeration of lymphocytes secreting 
antibodies against one or more target antigens. Basically, the ELISPOT is a variant of the 
ELISA method, whereby antibody secreting cells (ASC) may be revealed by culturing 
lymphocytes in specially modified ELISA wells coated with the target antigen, and by 
replacing the standard ELISA reagents with enzyme-substrate complexes that yield a 

35 colored precipitate (spots), adjacent to the secreting cell. Spots can then be counted to give a 
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measure of the number of antibody-producing cells. Protein synthesis inhibitors may be 
included in the culture medium, to confirm that the spots detected are due to de novo 
antibody synthesis, during the in vitro incubation period. 

Whilst the ELISPOT technique has proved very useful in studying the dynamics of 

5 humoral immune responses, and has been used to detect spontaneous ASC that appear 
transiently in the peripheral circulation of immunized subjects, certain features of the 
method place constraints on its use in a clinical diagnostic setting. Firstly, since for each 
sample individual spots need to be counted which can be time consuming and laborious, the 
method is not particularly suited to the analysis of large numbers of samples, such as occurs 

10 in a clinical diagnostic laboratory. Secondly, only the number of cells secreting antibody in 
each sample is enumerated and generally speaking, this requires reasonably large sample 
volumes, e.g., several milliliters. ELISPOT plates are also expensive and the assay is not 
readily amenable to automation. 

WO 96/26443 describes the use of a modified ELISA test which may be used to 

1 5 detect on-going antibody synthesis. In this assay lymphocytes are cultured after isolation 
and the levels of antibody produced during that culture period is determined. This technique 
thus necessarily requires incubation of the lymphocytes of the test sample at about 37 °C in 
order to allow measurement of the antibodies secreted during incubation. The average 
incubation period is 2-5 hours, which represents a significant limitation on the speed of 

20 performing the assay. Incubation also requires the provision of suitable equipment at the site 
of testing so that it may be carried out immediately prior to the assay procedure. This 
generally means that assay of the lymphocytes needs to be carried out shortly after a sample 
has been taken from a subject, because storage of samples, e.g., by freezing is not 
acceptable due to the resulting decrease in cell viability. Purified cells can only be 

25 maintained viable for relatively short periods of time by storage on ice at 0°C or less 
favorably at 4°C. 

It will be seen therefore, that despite advances in antibody detection techniques, 
there remains a need for a further improved assay which is simple, quick and cost effective 
to perform, which reliably enables precise quantification of spontaneously secreted 
30 antibody, which is able to distinguish the antibody synthesis, which may be performed on 
samples, e.g., blood samples, for diagnostic purposes. The present invention addresses this 
need. 

In the above described technique, a period of culture was used in line with current 
thinking at the time on the assumption that this was necessary in order to obtain sufficient 
35 antibody titre for obtaining assay results for immunodiagnostic purposes. 
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It has been established in the literature that the biosynthesis of antibodies 
(immunoglobulins) takes place in B lymphocytes (see: Roitt I, Brostoff J, Male D. 
''Immunology", 4th Edition published by Mosby, London 1996, 6.12-6.13) whereafter they 
are secreted into the blood stream to fight infection. When secreted by antibody- secreting 

5 cells (ASC) the molecules are fully assembled (e.g. for an IgG molecule two heavy chains 
and two light chains joined by disulphide bonds) and glycosylated. The rate-limiting step in 
the biosynthesis of antibodies has been claimed to be the intracellular transport and 
glycosylation via the endoplasmic reticulum and Golgi complex (which takes 1 hour or 
more), whereas the biosynthesis of the various heavy and light chains of the 

10 immunoglobulins only needs minutes for completion. In total, the process of synthesis and 
secretion is estimated to take in the order of 2 hours (Melchers, 1971, Histochemical, J., 3, p 
389-397). As a consequence of the rapid secretion of immunoglobulins from cells, it has 
never before been appreciated that functional antibodies, or even partially synthesized 
antibodies (e.g. preglycosylation) could be present within the lymphocyte cell in any 

1 5 significant amount. Furthermore it was not appreciated that disruption of lymphocytes in a 
sample could yield sufficient quantities of "newly synthesized antibodies" to allow detection 
for immunodiagnostic purposes. 

SUMMARY OF THE INVENTION 

20 

It has surprisingly been found however that the cellular content of lymphocytes 
contains sufficient antibodies to allow detection and even quantification of acute antibody 
synthesis in a subject when the samples for analysis are taken during the acute phase of the 
immune response. This is generally at approximately the same time interval as would be 

25 expected for the appearance of antibody-secreting cells in peripheral blood. This thus 
provides useful information which maybe used diagnostically. 

Advantageously, this avoids the need to carry out lengthy incubation of the sample, 
e.g., a purified lymphocyte preparation, prior to assay since the assay does not require any 
incubation of the lymphocytes. 

30 The assay of the invention also provides a reliable assay in which samples may be 

stored prior to preparing the assay e.g. by refrigeration (preferably at about or freezing, e.g. 
at less than 0°C. It will be appreciated by those skilled in the art that whole blood is 
preferably refrigerated (e.g., as described hereinafter) rather than frozen as freezing of whole 
blood will result in lysis of the cells. However, samples such as purified lymphocytes may 

35 be frozen or refrigerated prior to performing the assay of the invention without interfering in 
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the test results. Thus samples may be stored for a prolonged period of time prior to assay 
even by methods which can affect viability of the cells, (e.g. in a similar manner to the 
storage of serum or plasma samples). As a consequence, the assay method of the invention 
offers significant advantages for sample collection, storage and processing, particularly 

5 allowing significant delay in performing the assay as may be necessary for laboratory testing 
of samples obtained in the field. 

In one aspect, the present invention therefore provides a method of determining the 
presence or amount of newly synthesized antibody in a sample in response to an 
immunogen comprising: 

1 0 obtaining a sample containing lymphocytes; 

disrupting said lymphocytes whereby to release antibodies or parts thereof 
associated with said lymphocytes; and 

detecting the released antibodies or parts thereof whereby to determine the presence 
or amount of newly synthesized antibody in said sample. 

15 As used herein, the term "newly synthesized antibody" refers to an antigenically 

active antibody (i.e. capable of recognizing and binding to the antigen corresponding to the 
immunogen) which has been produced or synthesized by and within a lymphocyte cell in 
response to the presence of an immunogen in vivo as part of an ongoing immune response. 
Thus, the antibody is synthesized by a lymphocyte during the course of an immune response 

20 triggered by the presentation of an immunogen in vivo, i.e. synthesized before and at the 
time the lymphocyte-containing sample is removed from the subject animal. 

Reference herein to antibodies or parts thereof associated with said lymphocytes 
refers to newly synthesized antibodies or parts thereof which are antigenically active (i.e. 
capable of recognizing and binding to the immunogen) which have not yet been secreted 

25 from the cells. As mentioned previously, this will generally correspond to antibodies 

produced in the preceding 2 hours (which may occur exclusively in vivo or at least partially 
in vitro prior to cell disruption if the cells are, kept under appropriate conditions), although 
the time course of the secretion pathway may vary. Whilst antibodies may be produced 
rapidly within the cells (e.g. 1-2 minutes, although secretion is rather slower), free chains 

30 which make up antibodies or unglycosylated or partially glycosylated antibodies or antibody 
chains may be present in the lymphocytes, and hence released on their disruption. Where 
appropriate these "parts" maybe detected and included in the measurement of the presence 
or amount of newly synthesized antibodies providing they are antigenically active as 
described above. Antibodies or parts thereof released from the lymphocytes comprise newly 

35 synthesized antibodies. Assessment of the levels of such newly synthesized antibodies 
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provides relative information on the amount of active antibody production occurring in 
response to a particular immunogen, i.e. antibodies being produced as part of an ongoing, 
e.g. chronic or acute, immune response. The present invention thus also provides a method 
of determining the presence or amount of active antibody production by correlation to the 
5 levels of newly synthesized antibodies with reference to appropriate control samples. 

The sample comprising lymphocytes may be taken from any animal, preferably 
mammalian e.g. human subject which has been presented with an immunogen prior to 
taking the sample. Usually, where the immune response is to be detected by the method of 
the invention, this will be caused by recent infection or vaccination, and it is desirable to 
10 take the sample within a few weeks or within a few days of exposure to the immunogen. 
The optimum time to take the sample from the subject will depend on the nature of the 
infection or the type of vaccine used, and is further determined by the efficiency of the 
jjjj subject s immune response mechanism, and this may vary between individuals. However, 

0 what is required is that the sample is taken at a time when the lymphocytes of the subject s 

. « 15 immune system are in a phase of acute antibody synthesis in response to the immunogen of 

IB interest. Thus in general it has been found that the sample is conveniently taken within 3 

ftp 

ijjj weeks of presentation of the subject with the immunogen, more preferably within 8-12 days 

e of infection or vaccination, but in some cases sufficient antibody production will occur 

j* within 1-5 days, or more specifically 2-3 days after infection or vaccination to obtain 

?4 20 meaningful results from an assay in accordance with the invention. 

= The sample may be a blood sample or a sample derived from the lymphatic system 

01 of a subject. In general, any body fluid or tissue sample which contains lymphocytes from 
the immune system of the subject will be suitable. In particular, lymph or peripheral blood 
may conveniently be taken from a subject in a clinical or experimental environment, but any 

25 lymphatic or lymphoid tissue or any blood source comprising lymphocytes is equally 

suitable, including samples derived from lymph nodes or glands or from lymph nodules e.g. 
tonsils. Surgical intervention techniques have been developed which allow biopsy material 
to be taken from a subject and such procedures may be used where appropriate to obtain 
samples for use in the method of the invention. Depending on the source of the lymphocytes 

30 it may or may not be necessary to separate and purify the lymphocytes prior to assay in the 
method of the invention. However, where necessary or desired, the lymphocytes may be 
purified. Thus preferably, the sample used in the assay is a lymphocyte preparation prepared 
from one of the above mentioned sources by techniques known in the art. 

By "disrupting" the lymphocytes is meant that the cell contents including any 

35 synthesized antibodies are released from within the confines of the cell membrane and 
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internal membrane structures such that they may be detected by any convenient biochemical 
or chemical assay. It is known that immunoglobulins are synthesized and secreted during a 
pathway through the endoplasmic reticulum and Golgi complex. Thus, necessarily 
disruption requires release from these internal structures. Thus disruption of the 
5 lymphocytes may be achieved by known methods of cell disruption allowing release of the 
contents of membrane compartments, e.g. by cell lysis, for example using physical 
disruption means e.g. freeze-thaw cycles or by chemical means using cell-disrupting buffers 
or solutions. 

As used herein the terms "detecting" and "determining the pressure or amount of 
10 encompass both quantitative and qualitative assessment of the level of antibody production, 

in the sense of obtaining an absolute value for the amount of antibody produced in the 

sample, and also an index, ratio, percentage or similar indication of the level of antibody 
q_ production, as well as semi-quantitative or qualitative assessments. The term "determining 

the presence of encompasses also situations where a negative result, indicating the absence 
;|| 15 of synthesized antibodies, is of value in assessing the immune response of a subject. For 

example a negative result may be indicative of the absence of an immune response to the 
iH immunogen of interest or may be indicative of chronic infection if antibodies to the 

J==»i immunogen of interest are present in serum. 

=p Detection of newly synthesized antibodies allows assessment of the levels of such 

20 antibodies specific to one or more immunogens, rather than an assessment of all antibodies 
O present within the cells. 

Detection of the synthesized antibodies may be by any method which allows for 
identification of those antibodies which bind to the immunogen of interest causing the 
immune response. Thus any detection technique which results in the production of a signal 
25 which reflects the presence of the target antibody may be used. For example enzyme-linked 
assays may be used in which a soluble or insoluble product may be produced from a 
substrate, whose amount may be assessed. 

Conveniently the synthesized antibodies may be detected for example by means of a 
solid phase binding assay, e.g. an ELISA, wherein they bind to the antigen used in the assay, 
30 although the antigen used may be different to the immunogen stimulating the immune 
response in the first place. Thus, whilst both the antigen used in the assay and the 
immunogen which has stimulated or is stimulating the production of antibodies in vivo 
would bind to the antibodies to be detected by virtue of identical or very similar epitopes, in 
other respects the antigen and immunogen may not be identical. Thus, whilst the antigen 
35 used in the method of the invention may be material containing all or some parts of the 
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relevant immunogen, e.g. derived from infected individuals, or purified parts from the same 
or similar material, the antigen may similarly be prepared synthetically, e.g. by chemical 
synthesis or recombinant expression, with added or deleted portions relative to the native 
antigen. Thus fusion proteins, or molecules expressing only the appropriate epitope(s) may 
5 be used. 

The present invention provides several advantages over known antibody assay 
techniques. Firstly, in contrast to techniques which detect serum antibody levels (e.g. serum 
ELISAs), the present assay detects antibodies which are indicative of a current infection/ 
immune stimulation, or in the case of neonates allows separation of maternal and neonate 

10 antibodies. This is possible since lymphocytes from the sample are used directly in the assay 
method of the invention without any other form of prior treatment or stimulation, e.g. in 
vitro stimulation by antigen. The antibodies being synthesized by the lymphocytes at the 
time of sampling may thus be detected. (In this way, even using small sample volumes, 
spontaneous ongoing antibody synthesis in response to the immunogen of interest may be 

1 5 distinguished from bystander activation of lymphocytes.) Also the assay is carried out on 
lymphocytes which have been disrupted during the stage where they spontaneously produce 
and secrete, or are beginning to secrete antibodies, without stimulating the cells to reveal 
any memory. This is in contrast to other published methods which take advantage of in vitro 
antigenic stimulation which may increase the sensitivity of the test but which reveals cell 

20 memory and therefore is not an accurate or suitable technique for detecting acutely-made or 
newly synthesized antibodies in response to a current infection or recent vaccination. 

The present invention on the other hand takes advantage of spontaneous antibody 
secretion to permit the detection of antibodies in blood indicative of an ongoing infection by 
the test antigen; plasma lymphocytes will secrete antibody against the test antigen in the 

25 first few weeks following infection, or vaccination etc. Detection of such antibodies by the 
method of the present invention enables infection to be diagnosed or determined, or the 
antibody response to vaccination to be monitored etc. 

Thus in a further aspect the present invention provides a method of diagnosing or 
monitoring infection of a human or non-human animal or a part of said animal by an 

30 immunogen by performing the method of the invention and determining the presence or 
extent of infection by said immunogen by reference to appropriate controls and/or reference 
samples. 

The method of the invention is particularly useful in infants and neonates, where it is 
important to distinguish newly synthesized antibody from passively transferred maternal 
35 antibodies. The same lymphocyte-containing sample may be analyzed for antibodies against 
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several distinct infectious agents either in separate assays or in the same assay using 
multiple relevant antigens, thus allowing for use of relevant contacting antigens consistent 
with the clinical syndrome with which the patient presents. 

In diagnosing infections, it is also important to be able to distinguish ongoing 
5 antibody synthesis from antibodies already existing from an earlier infection. Recalling 
immunological memory by antigenic stimulation in vitro is not consistent with an assay 
aimed at identifying an ongoing acute infection, and hence prior methods based on antigenic 
stimulation do not share this advantage. Also, including the step of antigenic stimulation 
would compromise the beneficial time factor of the assay of the invention, which is very 
1 0 quick to perform compared with prior art methods. 

Secondly, in contrast to techniques which detect antibody secreting cells or actively 
secreted antibodies, in the present invention, although acute antibody synthesis forms the 
J=| basic parameter for detection, there is no need to maintain the sample in conditions which 

O promote synthesis and/or secretion of antibodies. This greatly simplifies the test and is 

,|g 1 5 particularly beneficial in comparison to the previously known assay disclosed in 

^ W096/26443 which requires incubation of the lymphocytes after sampling, and also 

m 

l?l maintenance of conditions during the assay which allow the lymphocytes to continue 

s secreting antibodies. 

CP " 

t g A particularly surprising benefit of the present invention has been the avoidance of 

r - 20 any incubating step or special assay conditions, and this means that samples may 

W 

p conveniently be treated after sampling in order to effect disruption or lysis of the cells, and 

1 W the lysate can then be stored e.g. by freezing or refrigerating for a period of time before the 

assay step is carried out. Alternatively, as mentioned previously, the sample e.g. whole 
blood or a purified preparation can be stored e.g. by freezing or refrigeration (as appropriate, 

25 depending on the sample) for a period of time e.g. for up to several hours or days, e.g. for 
more than 4 hours, before the cells are disrupted. For example, a purified lymphocyte 
preparation could be stored by freezing for a period of time e.g. for several hours or days, or 
by refrigeration, e.g. for a few hours, if necessary or desired, before the sample is treated to 
disrupt the cells. Thus for example, purified lymphocytes could be stored at 4°C for several 

30 hours e.g. for up to 4 to 6 hours before treating them to disrupt or lyse the cells. 

However, it has surprisingly been found that some samples e.g. whole blood 
preparations can be stored under refrigeration for longer periods of time without adversely 
affecting the cells and interfering in the test results. For example it has been found that 
whole blood samples can be stored under refrigeration (e.g. at 4°C) for at least 6 days, and 

35 if desired the samples can be intermittently kept at room temperature (1 8-25 °C) for at least 
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6 hours, before procedures for purifying lymphocytes are initiated, without adversely 
affecting the performance of the test. This is particularly useful when blood samples are on 
hold in the laboratory and are stored under refrigeration while results from routine or 
supplementary plasma/serum testing procedures are pending. This is surprising and 

5 unexpected, since it implies that the physical integrity of the lymphocytes is maintained 
during storage, thus allowing subsequent lymphocyte purification from the stored blood (if 
desired) and disruption of the lymphocytes to take place, without a significant reduction in 
the antibodies being detected. 

Thus, in a preferred embodiment prior to disruption of the lymphocytes, e.g. where 

10 the sample is blood the sample may be stored for several days e.g. up to about 6 days or 
more, especially when stored under refrigeration at about 4°C even allowing for removal of 
the sample from its refrigerated environment for intermittent periods of e.g. 4 to 6 hours for 
example at room temperature on two or more occasions during the storage period, without 
adversely affecting the results of the assay. This is particularly useful when blood samples 

1 5 are stored under refrigeration but where it is unavoidable that the sample be left on the 

bench at room temperature for a short time. Surprisingly, it has been found that cell viability 
is not sufficiently affected to interfere with or prevent acceptable results being obtained 
according to the assay method of the invention. In a further preferred embodiment, when 
purified lymphocyte preparations are used, these samples maybe stored at less than 4°C 

20 (e.g. for several days or longer) or stored at above 4°C (for up to 6 hours) . The possibility 
of storing various samples for use in the assay makes the method of the invention 
particularly suitable for larger diagnostic laboratories when expensive automated laboratory 
equipment e.g. ELISA hardware can be most efficiently run using a substantial number of 
samples at one time. It also means that samples may be taken in many different locations 

25 and mailed or delivered to a central diagnostic laboratory for analysis in a similar manner to 
procedures set up for analysis of chemical serum samples in other types of tests. 
Thus viewed from an alternative aspect, the invention provides a method of determining the 
presence or amount of newly synthesized antibody in a sample in response to an 
immunogen comprising detecting the released antibodies or parts thereof in a sample 

30 containing lymphocytes which have been disrupted whereby to release the synthesized 
antibodies or parts thereof associated with said lymphocytes whereby to determine the 
presence or amount of newly synthesized antibody in said sample. 

A major advantage of the present invention is that only small sample volumes are 
required. As few as 100,000 lymphocytes or even less than 50,000 lymphocytes may 

35 produce a detectable signal in the method of the invention. Since e.g. 1 ml blood comprises 
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1x106 lymphocytes, if the method of the invention is used to assay lymphocytes derived 
from blood as little as 50 or 100 pi blood may be used to provide sufficient lymphocytes for 
performance of the invention. Even taking into account appropriate control tests (e.g. blanks 
and test positives) as little as 150 to 300 pi may be used to provide diagnostic results. 
5 Clearly at least some control samples may be waived once the test is standardized. Thus 
conveniently the test of the invention requires e.g. 50-500 p 1 , preferably 1 00-3 00 p 1 and 
commonly 100-200 pi, of lymphocyte-containing sample in a comparable volume to the 
whole sample source. Thus the method of the invention may use e.g. 5xl0 4 to 5xl0 5 , 
preferably 1 to 2 x 10 s lymphocytes. This is in contrast to classical diagnostic tests which 
10 generally rely on several milliliter volumes of serum or other fluid. This is especially useful 
in the case of blood sampling where only small samples are available, e.g. from neonates as 
the method of the invention requires only microliter volumes which may be taken for 

p example by capillary tube from a suitable site such as from the ear-lobe, finger tip or heel. 

E2i Thus, the method of the invention permits the use of small blood sample volumes 

o 

yj 15 (e.g. microliter volumes, less than 1 ml, preferably less than 500 pi, e.g. less than 100 pi) 

directly to detect the spontaneous or de novo antibody production by unstimulated 

SI 

iji lymphocytes, without a prior step of pre-culturing the lymphocytes prior to assay. 

Lj. Antigens or immunogens to which antibodies for detection according to the method 

of the invention are directed include both bacterial and viral antigens. Clinically important 
! a 20 antigens include, but are not restricted to those from for example Herpes Simplex virus, 

yi . . . 

p Cytomegalovirus, human immunodeficiency virus (HIV) and any of the Hepatitis viruses as 

m well as Toxoplasma and Epstein-Barr virus (EBV) . In general, however, any immunogen 

arising as a result of an infection or vaccination eliciting a clear antibody response (e.g. 
during the acute phase) may be detected by the method of the invention. In cases where 

25 chronic infection results in detectable levels of target antibodies within lymphocytes, assay 
of these antibodies may also be performed according to the method of the invention. Thus 
for example, antibodies to any immunogen which may be detected using a conventional 
ELISA method maybe detected by the method of the present invention. Detection of 
antibodies to such antigens could be used to rapidly establish whether patients are infected 

30 e.g. for blood screening purposes or for establishing and/or monitoring infection. 

The present invention thus further provides a method of diagnosing or monitoring 
infection of a human or non-human animal or a part of said animal by a bacterium or virus, 
wherein said method comprises obtaining a lymphocyte-containing sample from said 
animal, determining the presence or amount of newly synthesized antibodies or parts thereof 

35 associated with said lymphocytes directed to said bacterium or virus according to the 
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method described herein and determining the presence or extent of infection by said 
bacterium or virus by reference to appropriate control and/or reference samples. 

The method is particularly useful owing to its simplicity and may be used when 
elaborate equipment is not available e.g. in field situations. With no requirement to incubate 
5 the sample as part of the assay method, the method is readily susceptible to automated 
procedures but it is also relatively quick and simple to carry out cell lysis and antibody 
detection in situations where complex equipment is not available. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

Figure 1 shows the results of a clinical influenza vaccine trial in which samples from 
9 subjects (persons 2 to 10) were tested using the lymphocyte disruption method. The 
left-hand scale on each bar graph shows H3N2 IgO plotted in ng against days post 
vaccination on the horizontal scale. Superimposed on each bar graph is a dotted line 
15 showing the HI titre on the right hand scale for A/Nanchong virus. See Examples 1 and 2 
for further details. 

The invention will now be described in more detail with reference to the following 
non-limiting Examples. 

20 DETAILED DESCRIPTION OF THE INVENTION 

The method of the invention will now be described in more detail. Preferably the 
first step in the method comprises isolation of lymphocytes from the sample. As mentioned 
previously however, a purified lymphocyte preparation is not necessarily required and 

25 instead, a preparation in which the majority of plasma antibodies have been removed may 
be used. Preferably such a preparation may contain less than 15% of the antibodies 
contributed by the plasma antibodies present in the sample, e.g. less than 5%, preferably less 
than 1%. Conveniently this may be achieved by employing an essentially plasma-free 
preparation (e.g. less than 5% (v/v), e.g. a serum-free preparation. A lymphocyte preparation 

30 can be prepared using standard techniques, well known in the art e.g using filter methods or 
techniques using absorbent material or lymphocyte preparation kits. Thus, for example, 
various whole blood preparations may conveniently be used to obtain the lymphocytes e.g. 
from heparinized blood, EDTA-blood etc., such as are routinely prepared in clinical 
laboratories. It will be appreciated that all enriched or purified preparations must contain the 

35 
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lymphocytes present in the sample from which the preparation is derived to allow detection 
of spontaneous or de novo antibody production. 

Preferably the lymphocytes are separated, for example using standard lymphocyte 
separation media eg. Lymphoprep (Nycomed Pharma AS, Oslo, Norway), or using 

5 immunomagnetic separation (IMS) or a similar solid phase based separation system or other 
common techniques. In the case of IMS or similar separation techniques, a solid phase e.g. 
magnetic beads coated with antibody specific for certain sets of leucocytes maybe used to 
separate the useful lymphocytes selectively. Where separated lymphocytes are used, the 
cells may be washed prior to use, using standard washing methods. Preferably, the 

1 0 lymphocytes are washed in order to remove any plasma antibodies which may be present 
after cell separation. In general, in order to perform the invention, contamination of 
lymphocyte cells by plasma antibodies is kept to a minimum, preferably below 20 ng 
plasma IgGper 100 ul sample, representing approximately a 1:50,000 final dilution factor 
of plasma, e.g. below about 0.5 ng serum IgG per 100 ul sample. It has been observed 

15 however, that in order to achieve this, excessive or extensive washing of the cells is not 
required. For example, it has been found that by simply centrifuging whole blood diluted 
with buffers three times under approximately the same conditions of spin, a preparation of 
lymphocytes sufficiently free from contaminating serum/plasma antibodies can be obtained. 
See Example 3 for further details. 

20 Generally speaking, the method of the invention avoids the need to incubate 

lymphocytes from the sample prior to performing the assay. It will be appreciated however 
that if the cells are maintained for short periods of time under conditions allowing continued 
production or secretion of antibodies prior to disruption of the lymphocytes that the method 
of the invention will still allow assessment of newly synthesized antibodies associated with 

25 the lymphocytes. 

The sample to be analyzed, having been treated as mentioned above if required to 
obtain the separated lymphocytes, are then disrupted to release newly synthesized 
antibodies. This may be performed by any convenient technique known in the prior art 
which effectively disrupts external and internal membrane structures without affecting the 

30 ability of the released antibodies to bind to their complementary epitopes, e.g. by the use of 
detergents, chaotropic agents, disruption buffers e.g. containing EDTA or alternative 
disruption methods such as sonication or physical disruption through generation of shear 
stresses. Preferably, however a disruption buffer is used as this is generally the simplest and 
most convenient technique e.g. as described in the Examples herein i.e. buffer containing 

35 detergent such as 0.5% deoxychelate. Appropriate disruption buffers may be used to 
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stabilize the released antibodies, e.g. to control pH or degradation. Thus for example buffers 
containing protease inhibitors may be employed if necessary. Alternative methods of 
disruption include for example the use of freeze/thaw cycles or even the use of liquid 
nitrogen. This results in a lysate in which the released antibodies are in solution which is 

5 used for subsequent steps. It will be appreciated that in order to obtain sufficient amounts of 
newly synthesized antibodies in the sample to be detected, it isdesirable that as many of the 
lymphocyte cells as possible are disrupted to release the antibodies. Preferably, then, the 
disruption means is suited to this end and at least 40% or 50%, more preferably at least 
60%, 70% or 80% and more preferably at least 90% or 95% of the lymphocytes in the 

1 0 sample are disrupted. After disruption of the lymphocytes the antibody content of the 
sample is assessed by an appropriate technique allowing detection of the target antibodies. 
Conveniently to achieve this, the sample may be contacted with a solid phase carrying an 
appropriate binding partner to immobilize the antibody or antibodies to be detected. 
Conveniently the binding partner is the antigen (immunogen) or antigens (i.e. one or more), 

15 recognized by the antibody or antibodies or parts thereof to be detected. In one embodiment, 
the present invention thus provides a method of determining the presence or amount of 
newly synthesized antibody in a sample, said method comprising: 

contacting, aliquots of said sample, or optionally, of lymphocytes directly isolated 
from said sample wherein said lymphocytes have been disrupted to release antibodies or 

20 parts thereof associated with said lymphocytes, with one or more antigens, preferably 
carried on a solid phase, recognized by the antibody or antibodies to be detected; 
detecting binding of antibody to said antigen(s); and 

comparing said antibody binding to control and/or reference samples, whereby to 
obtain a determination of the presence or amount of newly synthesized antibody in response 

25 to said antigen(s). In the above method, control or reference samples may be appropriate 
negative or positive controls, e.g. blanks, normal samples or spiked samples. 

Alternative binding partners may also be used, for example protein A, protein C or 
antibodies which recognize and bind to the antibody to be detected. In the latter case, highly 
specific binding is not required as specificity is introduced in this embodiment of the assay 

30 method by the subsequent binding of antigens which bind specifically to the antibodies to 
be detected. Thus in all embodiments a, specific antigen-antibody complex is created. The 
presence of such complexes, preferably immobilized to a solid support, is ascertained in the 
detection step of the method of the invention. Thus in a preferred feature the detection step 
of the method of the invention comprises detection of the released antibodies or parts 

35 thereof by the formation of an antibody: antigen complex wherein said antigen (which 
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preferably is not an antibody) comprises or contains the immunogen or a part thereof 
containing at least the epitope of the immunogen. 

The solid phase, when employed, maybe any of the well-known supports or 
matrices which are currently widely used or proposed for immobilization, separation etc. 

5 These may take the form of particles, sheets, gels, filters, membranes, or microtitre strips, 
tubes or plates etc. and conveniently may be made of a polymeric material. However, for 
ease of operation and simplicity standard microtitre plates and wells may conveniently be 
used, preferably standard ELIS A plates. 

The solid phase may also be modified to permit detection of antibodies specific for a 

10 range of different antigens. Thus for example, discs or strips etc. of a suitable solid phase 
material eg. nitrocellulose or such like maybe coated with different antigens and added 
simultaneously to a microtitre well or other suitable vessel, not containing any contacting 
antigen. Antibody binding detection methods may then be used to distinguish between the 
different antigens. Conveniently when sandwich-type assays are employed, the solid phase 

1 5 carries one or more antigens (solid phase antigens) recognized by the antibody or antibodies 
or parts thereof to be detected (target antibodies) Alternatively, the solid phase may carry 
one or more antibodies (solid phase antibodies) which recognize the antibody or antibodies 
or parts thereof to be detected (target antibodies). To allow detection according to the 
method of the invention, as appropriate, depending on whether the said solid support carries 

20 antibodies or antigens as described above, one or more antigens, recognized by the target 
antibodies immobilized on said solid phase, are contacted with said solid phase or 
alternatively one or more antibodies, which recognize target antibodies immobilized on said 
solid phase, are contacted with said solid phase. These antigens or antibodies which then 
become bound to the solid support may be appropriately labeled to allow detection as 

25 described hereinafter. 

Sets of discs each coated with relevant antigens consistent with a certain clinical 
condition or syndrome may be used in order to identify which of the suspected agents is 
causing the disease. The discs would then be individually processed in separate wells. This 
is a particularly material-saving procedure, since tests can be performed for simultaneous 

30 testing of a multiplicity of different antigens (either from the same infectious agent or from 
different agents relevant for the clinical syndrome or condition in each case) using the same 
small blood volume. An alternative approach is to use multiple samples of disrupted 
lymphocytes i.e. in separate wells, each coated with different binding partners, e.g. antigens 
or antibodies, and develop the test accordingly. 

35 
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Techniques for binding of the binding partner, e.g. antigen to the solid phase are also 
extremely well known and widely described in the literature. Many standard antigen coating 
procedures are described for example in ELISA and other solid phase Immunoassays, 
Theoretical and Practical Aspects; 1988, ed. D.M. Kemeny & S.J. Challacombe, John Wiley 

5 & Sons. If desired, the plates may be washed and blocked, again using standard techniques. 
Thus, for example, standard microtitre plates eg. ELISA plates may simply be coated with 
binding partner by incubating the plates overnight at 4°C in a suitable buffer e.g. phosphate 
buffered saline (PBS) containing the binding partner e.g. at concentrations of 0.01 to 150 
|xg/ml protein, followed by blocking using appropriate blocking media (generally a neutral 

10 buffer, such as PBS, containing a blocking protein e.g. calf serum or proteins from dried 
milk) and incubating eg. at 37°C for 1 to 5 hours. After removing the blocking solution the 
plates are ready for use. 

Conveniently, however, the materials required to perform the method of the 
invention may be provided in kit form, where the solid support is supplied ready coated 

1 5 with binding partner and appropriately blocked. 

It may be desirable to dilute the disrupted lymphocyte sample suspension prior to the 
contacting step, and conveniently a range of cell/sample dilutions may be used. Dilution 
will generally be performed using the buffer in which lymphocytes are disrupted as diluent. 
The binding of the antibody to its antigen is then detected. The detection step, in 

20 terms of reading the signal, conveniently takes place in solution. However, an insoluble 
product or signal may be generated which is not read in solution. Any of the known means 
of detecting antibody binding may be used, as long as a readable signal is generated; for 
example depending on fluorescence, chemiluminescence, colorimetry or an enzyme reaction 
to produce the detectable signal. Where a solid phase is not used, the released antibodies 

25 may be detected by any other sensitive serological method such as light scattering (e.g. 
nephelometry) and resonance procedures. Conveniently, an immunoassay may be used as 
the means of detection, and preferably an enzyme-linked immunosorbent assay (ELISA) . 
However, test procedures other than ELISA are contemplated within the scope of the 
invention for detecting antibodies. Techniques which use coated discs or glass plates, for 

30 example, flooded with a suspension of disrupted lymphocytes may be suitable. Any 
standard technique for detecting antibodies known in the art, such as techniques which 
result in an insoluble or soluble product, may be adopted for use in the method of the 
invention either for quantitative analysis or for a qualitative (e.g. yes/no) type of test. 

Immunoassay, and particularly ELISA, techniques are well known in the art and 

35 described in the literature (see for example ELISA and other solid phase Immunoassays, 
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Theoretical and Practical Aspects; 1988, ed. D.M. Kemeny & S.J. Challacombe, John Wiley 
& Sons). 

Following the contacting of the disrupted lymphocyte sample, an enzyme-antibody 
conjugate may be added, for example in the ELISA detection method, which binds to the 

5 antibody bound to the antigen on the solid phase. Similarly, if the antibody to be detected is 
bound to the solid phase non-specifically via a binding partner, for example by an antibody 
against antibodies of a different species, an enzyme-antigen conjugate may be added which 
will bind specifically to the immobilized antibody to be detected. An enzyme substrate is 
then added in order to develop the detectable signal. In the present invention, a soluble 

10 substrate is conveniently used, yielding a signal detectable in solution. This is advantageous 
since it facilitates and simplifies the handling and processing of a large number of samples, 
and permits estimation of antibody production, although as mentioned above, absolute 
quantitation is not necessary, and if desired a qualitative or semi-quantitative result may be 
obtained. For convenience the substrate may be selected to yield a spectrophotometrically 

15 detectable signal, which may simply be read by reading absorbance, eg. using a standard 
ELISA plate reader. Indeed, standard ELISA reagents may be used, which has the advantage 
of rendering the assay of the invention compatible with existing methods, and techniques 
routinely employed in clinical laboratories. However, other detection/signal generating 
systems may be used, yielding signals detectable by fluorescence, chemiluminescence etc. 

20 Immuno-enzymatic amplification methods may also be used to improve the signal 

and increase sensitivity, for example using avidin-biotin methods such as the Extravidin 
system available from Sigma. Biotinylated secondary antibodies are used as ELISA 
reagents, in combination with a peroxidase avidin complex. Since one molecule of avidin is 
capable of binding several molecules of biotin, the use of avidin-biotin peroxidase 

25 complexes increases the surface concentration of peroxidase molecules, giving the method 
even greater sensitivity. 

The materials and means required for the lymphocyte disruption step and the 
antibody-binding detection step may also be conveniently supplied in kit form together with 
the binding partner-coated solid phase. 

30 The information obtained from the assay of the invention may be supplemented by 

using other assay methods. Additional and useful data on pre-existing serum/plasma 
antibodies maybe obtained in a classical ELISA test. Additionally, after separation of 
lymphocytes from the blood sample, the remaining plasma fluid may be used for detecting 
pre-existing antibodies using the same binding partner-coated solid phase used in the assay 

35 of the invention. 
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In order to ensure that the assay method of the invention is working confidently, 
appropriate controls may be included and used for determining the presence or amount of 
newly synthesized antibody. For example, to ascertain that the recorded signal from test 
wells is not due to sporadically and nonspecifically (bystander) activated lymphocytes, a 

5 negative control antigen is used. This antigen would be from an infectious agent most 
unlikely to be responsible for the acute disease of the patient, e.g. tetanus toxoid. The 
numbers of such bystander activated lymphocytes will in any event in all circumstances be 
much lower than required for a positive test result using the method of the invention. The 
design of the invention takes this point into account. 

10 As mentioned above, due to its ease and speed of operation and simplicity, the assay 

of the invention, lends itself to diagnostic or other clinical or veterinary uses, e.g. 
fish-farming. In addition to small sample volumes, a further advantage is that only one 
sample is required, rather than serum pairs taken at a 2 to 3 week interval, such as is 



P required in most conventional serological tests. Elaborate instrumentation is not required, 

rj| 1 5 and the assay is readily automated. In addition, it should be possible to test for different 

?: - immunoglobulin isotypes if required. 

Ijl The afore-mentioned assay method of the invention provides one method for 

^ assessing the presence or extent of ongoing infection by virtue of the analysis of the 

3 spontaneous expression of specific antibodies to a defined antigen. Such a method is clearly 

ftf 20 applicable to the assessment of disease conditions which are known and to which antigens 

pi related to the relevant immunogen are available and thus provides a specific marker of 

TO infection. In some clinical situations however the specific disease or infection may not be 

identified and/or the appropriate antigen may not be available for use in the assay. In such 
cases, the assay may be modified to assess for the presence or extent of nonspecific 
25 indicators of infection. Thus for example, lymphocyte-containing samples e.g. whole blood 
or purified or enriched lymphocyte preparations therefrom, may be examined with regard to 
their production of infection markers e.g. cytokines or interferons, for example IL-2, IL-4 or 
interferon-y. 

Thus viewed from a yet further aspect the invention provides a method of 
30 determining the presence or amount of infection indicators in a sample in response to an 
immunogen comprising: 

obtaining a sample containing lymphocytes; 

disrupting said lymphocytes whereby to release the infection indicators to be 
detected; and 

35 
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detecting the released infection indicators whereby to determine the presence or 
amount of infection indicators in said sample. 

For performing this method, the solid phase may be provided with appropriate 
capture molecules, for example antibodies to the infection indicators for detection. For 

5 detection of the presence of said infection indicators immobilized on the solid phase, 
methods as described hereinbefore may be used, for example by the use of labelled 
antibodies or ligands. In this method, specific markers maybe identified by appropriate 
choice of the immobilizing moiety or detection molecule. Thus, for example, all protein in 
the sample may be immobilized on the solid support and detection may be performed using 

10a labeled specific antibody or ligand. Alternatively, a specific binding partner may be used 
to immobilize pertinent infection indicators which may then be labeled appropriately, either 
positively or negatively, for example in the former case by binding to a domain present on 
the infection indicator but not exclusive to that molecule, or in the second case by labeling 
unbound binding partner on the solid phase. Kits for performing this method also form part 

15 of this invention. 

EXAMPLES 

EXAMPLE 1 
20 Specificity 

Subject: Initials LOH, male, 25 years. Blood sample taken 9 days post first day of classical 
clinical influenza-like illness. A mixed epidemic of influenza A and B had been recorded in 
the local community. 

25 

Separation of lymphocytes: Peripheral heparinized venous blood sample was collected. 
Lymphocytes were separated by Lymphoprep (Nycomed Pharma AS; Oslo) according to the 
manufacturer s instructions, except that the heparinized blood sample was mixed with a 
double (instead of an equal) volume of phosphate-buffered saline (PBS, pH 7.2) before first 
30 centrifugational step. Two extra washing cycles of cell pellet was performed. The numbers 
of lymphocytes were counted in a haemocytometer using the Blue Dextrane exclusion 
method. 

Disruption oflymphocytes: Graded amounts of lymphocytes were disrupted by the 
35 DISRUPTION BUFFER 10 mM Tris HC1 (pH 7.4), containing 0.5% deoxycholate, 2 ng/ml 



- 18- 



DCl - 309619.2 



pepstatin A (Sigma P-4265, lot 18H0551), 2 jig/ml leupeptin (Sigma L-0649, lot 
77H86221), 0.5% aprotinin (Sigma A-6279, lot 87H7010), 1 mM PMSF (Sigma P-7626, lot 
48H1265) (based on reference: Spector DL, Goldman RD, Leinwand LA. Cells. A 
Laboratory Manual. Cold Spring Harbor Laboratory Press, New York, 1998, Vol 1 : 74.6) 
5 and subjected to ELISA testing (see Table 1). 

Coating and blocking of ELISA plates: Greiner microplate F-form, medium binding 
capacity, Cat #655001 (lot 98 26 01 48), D-72636 Frickenhausen, Germany. Virus antigens 
(a gift from Solvay-Duphar, Holland) for testing for influenza antibodies: 

10 A/Nanchang/933/95 (H3N2) surface antigens, 10 ug/ml in PBS, 100 4/well. B/Harbin/07/94 
surface antigens, 10 ug/mi in PBS, 100 ul/well. For testing for general IgO antibodies: 
Goat anti-human IgO (y-chain specific) Sigma 1-7883 (lot 76H8895) used at 1:500 dilution 
in PBS, 100 ul/well. Coating overnight at 4°C. Blocking with PBS with 10% foetal calf 
serum (FCS) for 1 hour at room temperature. Between all subsequent steps, immunoplates 

15 were washed 5 times with PBS with 0.05% Tween 20. 

Plate layout of samples: Tests for influenza IgG antibodies and I gG antibodies in general, 
were tested on the same immunoplate, as well as human IgG standards. All samples were 
tested in duplicate. 

20 

Test samples: Samples to be tested: LOH "serum" (1 :3 dilution of plasma). Neat and 
10-fold dilutions in PBS with 0.05% Tween 20 and 5% FCS (Diluent), 100 ul/well. IgG 
standard: Sigma 1-4506 (lot 96H8840) : 10 uglgG/ml, 10-fold dilutions in PBS with 0.05% 
Tween20 and 5% FCS, 1 00 ul/well. 
25 Final cell pellet of 300 ul was in a PBS solution containing 1:9,368 dilution of serum. To 
this pellet was added 700 ul PBS ( = 1:3.33 dilution). Final pellet had 2.0 x 10 7 cells and 
contained a serum contamination of 1:31,200. Final supernatant tested was equivalent to 
1 :9,370 dilution of serum. 

Cell lysates: Lysates were adjusted to be equivalent to 800,000, 200,000 and 50,000 
30 cells/well, 100 ul/well. 

Table 1 . Cell lysate mixtures for testing 
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Cell 
number/well 


cell pellet 


111 

DISRUPTION 
BUFFER 


III 
Diluent 


SUM nl 


Dilution 
relative final 
cell wash 


800,000 


240 


240 


126 


606 


l:(2.53x3.33) 


200,000 


60 


60 


486 


606 


l:(10.1x3.33) 


50,000 


15 


15 


576 


606 


l:(40.4x3.33) 



Contamination by serum antibodies, relative the final cell wash, of cell preparations were 
10 calculated to be: 

1:8.4 (10.6%) for 800,000 cells 
1:33.7 (2.9%) for 200,000 cells, and 
1:134.8 (0.7%) for 50,000 cells. 

All antibody samples were incubated for 90 minutes at room temperature. 



15 



Secondary antibody: Biotin-labelled goat anti-human IgG (y-chain specific), Sigma 
B-l 140 (lot 96H8886) , used at 1 :500 in PBS with 0.05% Tween20 and 5% FCS, 100 
ul/well. Incubated for 60 minutes at room temperature. 



20 



Conjugate: ExtrAvidin peroxidase conjugate, Sigma E-2886 (lot 28H4824) diluted 1:1000 
in PBS with 0.05% Tween2o and 5% FCS, 100 ul/well. Incubated for 60 minutes at room 
temperature. 



25 Development: Substrate tablets (o-Penylene diamine dihydrochloride), Sigma P-8287 (lot 
88H8250). One tablet (10 mg) was dissolved in 25 ml 0.1M phosphate-citrate buffer, pH 
5.0, and supplemented with 20 ul perhydrol (30% H 2 0 2) . 100 ul/well of substrate solution 
was added, and the reaction was arrested after 10 minutes with 50 ul/well of 1M H 2 S0 4 . 
Optical density was read at 492 nm in a Titertek Multiskan PLUS reader (Flow 

30 Laboratories). 



RESULTS 

Estimation of quantities of IgG was based on interpolation from standard curve obtained 
from the dilutions of the IgG standard. All test samples were tested in duplicate and mean of 
35 optical density readings were used for subsequent calculations. 
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Table 2. Serum IgG antibodies 



5 



Antibodies 


Serum antibodies 
(Hg/ml) 


% 


IgO general 


2,365 


100.0 


Influenza B 


70 


3.0 


Influenza A 


112 


4.8 



Table 3. Release of IgG antibodies from disrupted lymphocytes 



15 



Specificity 


Number of 
lymphocytes in 100 
ul well(10 3 ) 


IgG 
detected in 
well (ng) 


Serum IgG contamination 
of cells (ng) 


Net IgG from 
each lymphocytes in 
well (ng 


Net IgG from 
each lymphocyte 
(10* ng) 


Influenza A 


50 


1.06 


0.338/134.8=2.5x 10" 3 


1.06 


2.12 


200 


10.72 


0.336/33.7=10.x 10" 3 


10.71 


S.35 


Influenza B 


200 


0.38 


Below detection 


0.38 


0.19 


800 


1.29 


Below detection 


1.29 


0.16 


IgG general 


50 


13.29 


10.6/134.8=0.08 


13.21 


26.42 


200 


44.6 


10.6/33.7=0.32 


44.28 


22.14 



Table 4. SUMMARY: IgG detection in peripheral blood lymphocytes and serum 



25 



30 



Antibody 
Specificity 


Net IgG from 
lymphocytes in 
each well 
(10" 5 ng) 


% 


Serum IgG 
ug/ml 


% 


Influenza A 


3.74 


15.4 


112 


4.8 


Influenza B 


0.18 


0.7 


70 


3.0 


IgG general 


24.28 


100.0 


2,365 


100.0 



CONCLUSION: Subject LOH was infected with influenza A virus, as can be clearly seen 
from Table 3. Using these data one can assume that 100,000 lymphocytes/well should give 
35 approximately 20 ng/ml of influenza A IgG antibodies, in contrast to approximately 2 ng/ml 
for influenza B antibodies. The former concentration of cells will for practical purposes give 
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an ELISA signal for influenza A specific antibodies that can be conveniently measured, but 
not for influenza B antibodies. This is in contrast to the levels of influenza antibodies 
measured in serum (Table 2), where the levels of influenza A and B antibodies are very 
similar. Such serum antibodies would most likely be preexisting cross-reactive antibodies 
5 from previous exposures. IC has been known and demonstrated for many years that influenza 
memory can be reactivated through subsequent exposures with heterologous viruses, the 
so-called "antigenic sin", most probably through a local "bystander" effect in the lymphoid 
tissue where the initial immune processing takes place. 

10 The reasons why antibodies from disrupted lymphocytes in our test also gave a measurable, 
albeit small, ELISA signal with the influenza B antigen, i.e. not the offending virus for 
subject LOH, could be a consequence of such non-specific reactivation of memory 
lymphocytes as a consequence of the immune assault by the influenza A virus. However, this 
unusual reactivation of memory cells is believed to be an influenza related phenomenon and 

15 will not be relevant for other infectious agents. Thus, it must be expected that an even clearer 
distinction between the signals given for antigens from the infectious agent in question and 
other agents will be observed. 

The current method requires about 100 ul heparinized blood (equals 100,000 lymphocytes) 
20 for each antigen specific antibody to be tested for, allowing the use of capillary blood 
samples to be used. 

EXAMPLE 2 
Kinetics 

25 

This is a clinical influenza vaccine trial. Nine healthy subjects: 6 females aged 24-27 years 
(mean 26.2) and 3 males aged 24-31 years (mean 28.3) were enrolled. They were informed by 
the doctor in charge of the relevant contraindications for vaccination, and all of them 
informed the doctor that they did not know of any such contraindications. None had been 
30 vaccinated against influenza previously. All vaccines completed the trial and allowed 
peripheral blood samples to be drawn as described below. Subjects were given licensed 
trivalent inactivated whole virus vaccine (Vaxigrip) containing 



35 
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A/Sydney/5/97(H3N2) -like virus containing 15 ug haemagglut inin/dose 
A/Beijing/262/95(HlNl) -like virus containing 15 ug haemagglutinin/dose 
B/Beijing/184/93-like virus containing 15 ug haemagglutinin/dose 



5 from Meriex Serums & Vaccines (France) 

Heparinized blood samples were taken as described under Example 1. All procedures were as 
described under Example 1, except that lymphocytes were disrupted by freezing/thawing 
(twice) by inserting lymphocyte vials into liquid N2 and holding under running tap water. 

10 

Additionally a haemagglutination-inhibition (HI) test were done with receptor-destroying 
enzyme treated plasma samples according to standard procedures Kendal et al., 1982, in 
"Concepts and Procedures for Laboratory-Based Influenza Surveillance", Viral Disease Unit, 
WHO, Geneva using 4 haemagglutination units of the A/Nanchang virus and 0.7% turkey 
15 erythrocytes. Plasma were tested in two-fold dilution steps and titres were scored as the 
reciprocal of highest dilution giving complete inhibition of virus haemagglutination. Samples 
obtained at day of vaccination, after 7 days and after 13 days were used. 

RESULTS 

20 

Figure 1 shows the amount (in ng) of IgG against surface antigens from the related 
A/Nanchang/933/95(H3N2) (see Example 1) using solutions obtained from 300K disrupted 
lymphocytes for each of the nine vaccinated subjects (bars). They are ranged according to the 
25 quantity of influenza specific IgG antibodies obtained from the disrupted lymphocytes. The 
left-hand scale for ng IgG is not the same for all the subjects. Superimposed is shown HI 
titres (dotted line) against the A/Nanchang virus. A titre of 40 is by international consensus 
considered to be protective. 

30 CONCLUSION 

Classically, the HI antibodies are considered to be the "golden standard" influenza antibodies, 
together with virus neutralizing antibodies. HI titres 40 are considered to be protective 
according to international consensus. Figure 1 shows that four of the nine subjects (persons 2, 
35 5-7) obtained such antibodies at day 7, and all subjects, except persons 3 and 10, had such HI 
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titres on day 13. For all subjects there were high levels of influenza specific IgG detected in 
disrupted lymphocytes already on day 7, and for five subjects (persons 3, 4, 8-10) only 
antibodies from disrupted lymphocytes, and not protective HI antibody levels, were detected 
on day 7. 

5 

Furthermore, the specificity of influenza IgG antibodies were evident by the appearance of 
such antibodies on day 7 and the disappearance of the same antibodies on day 13, since on 
day 13 most subjects had significant levels of serum antibodies. 

10 Example 2 clearly emphasizes that the detected antibodies from disrupted lymphocytes were 
not contaminated by serum antibodies trapped in the lymphocyte pellet, as was also clearly 
demonstrated in Example 1 . 

EXAMPLE 3 

15 Simplified method for purifying lymphocytes from serum! plasma contaminants 

Typically, lymphocytes sufficiently free from contaminating serum/plasma antibodies can be 
separated through three successive centrifugation steps. 300 ul whole blood is mixed with 10 
ml diluent consisting of 2 parts PBS and 1 part distilled water. The mixture is centrifuged for 
2020 minutes at room temperature at 400xg. The supernatant is discarded and to the pellet is 
added 10 ml PBS. The suspension is centrifuged as above, and the cycle is repeated once. 
The final pellet, suspended in 100 ul PBS, is used as lymphocyte source for subsequent 
assays. 

25 EXAMPLE 4 

Storage of blood before lymphocyte purification 

Male subject (EJAa, 20 years) was given licensed inactivated trivalent influenza vaccine 
according to the manufacturer s instructions (see Example 2). Five ml of heparinized blood 

30 samples were taken at day of vaccination (Day 0) and on Day 9 after vaccination. 

Immediately after collection 300 ul blood were subjected to three washing/centrifugation 
cycles as described above under Example 3, and lymphocytes were disrupted as described 
under Example 1. The retaining blood sample was stored at 4 °C for 4 days, followed by 
storage at room temperature for 4 hours before a new round of lymphocyte purification was 

35 initiated. All subsequent ELISA tests were performed as described as under Example 1. 
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Haemagglutination-inhibition tests (HI) were done with the homologous vaccine strains as 
described in Example 2. 

Table 5. Storage of blood at 40C for 4 days, followed by 4 hours at room temperature. 



5 Effect on antibody activity from disrupted lymphocytes 



Days after vaccination 


H3N2 


HIN 


B 


Immediate | After 4 days 


Immediate | After 4 days 


Immediate | After 4 days 


DayO 


HI 


640 


<10 


<10 




Cells 


704 | 598 


058 | 060 


224 j 210 


Day 9 


HI 


640 


20 


40 


Cells 


811 | 901 


091 1 100 


446 j 446 



All entries are Optical Density at 492 nm x 1000 and HI titres of plasma antibodies. "Cells" 
are antibodies from disrupted lymphocytes obtained from 100 jo.1 blood. 

15 

RESULTS 

This subject had already been found to have significant HI titres against the 
A/Sydney/5/97(H3H2) vaccine component before vaccination, and the released antibodies 
20 from lymphocytes did not increase significantly from day 0 to day 9, nor did the HI titre. The 
HI vaccine response to the H1N1 component A/Beijing/ 262/95 was poor, and this was also 
seen for the cell assay. The most clearly seen response was against the influenza B 
component B/Beijing/184/93, where HI titres rose from <10 to 40. This was mirrored also for 
the cell assay. 

25 

Leaving the blood at 4 °C for 4 days, followed by 4 hours at room temperature, did not affect 
the recorded antibody activity from disrupted lymphocytes. The immediate results and those 
obtained after storage for four days did not vary to any significant extent. 

30 Other experiments have also shown that even after six days under similar storage conditions 
(refrigeration, interrupted by 6 hours at room temperature) did not affect the ensuing 
measurement of antibodies from disrupted lymphocytes. 



35 
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CLAIMS: 



1 . A method of determining the presence or amount of antibodies contained within 
lymphocytes comprising: 

5 obtaining a sample containing lymphocytes from an animal; 

disrupting the lymphocytes to release the antibodies or parts thereof; and 
determining the presence or amount of the antibodies or parts thereof in the sample. 

2. The method of claim 1, wherein the sample is lymphatic fluid or blood. 

10 

3. The method of claim 1, wherein the lymphocytes are disrupted by physical disruption 
or by contacting the lymphocytes with a cell-disrupting buffer or solution. 

4. The method of claim 1 , wherein the presence or amount of the released antibodies or 
15 parts thereof are determined by binding the released antibodies or parts thereof to one or 

more antigens which recognize the released antibodies or parts thereof. 

5. The method of claim 1, wherein the presence or amount of the released antibodies or 
parts thereof are detected by a solid phase binding assay. 

20 

6. The method of claim 5, wherein the solid phase binding assay uses a solid support 
comprising one or more solid phase antigens that are recognized by the antibodies or parts 
thereof. 

25 7. The method of claim 5, wherein the solid phase binding assay uses a solid support 
comprising one or more solid phase antibodies which recognize the antibodies or parts 
thereof. 

8. The method of claim 1 , wherein the sample is neonate or infant blood and the method 
30 is used to detect antibodies or parts thereof synthesized by the animal. 

9. The method of claim 1, further comprising storing the sample at a temperature of 
about 40 °C before the lymphocytes are disrupted, or after the lymphocytes are disrupted but 
prior to determining the presence or amount of the antibodies or parts thereof. 

35 
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10. 



The method of claim 2, wherein the sample has a volume of less than 1 ml. 



1 1 . The method of claim 1 , further comprising isolating the lymphocytes from the sample 
before they are disrupted. 

5 

12. The method of claim 1 , wherein determining the presence or amount of antibodies or 
parts thereof is performed by immunoassay. 

13. The method of claim 12, wherein the immunoassay is ELISA. 

10 

14. The method of claim 1, wherein the presence or amount of the antibodies is 
determined by contacting the antibodies or parts thereof with a compound to produce a 
product that yields a spectrophotometrically detectable signal. 

1515. The method of claim 4, further comprising testing the sample of disrupted 
lymphocytes with one or more negative control antigens. 

16. The method of claim 5, wherein the solid phase binding assay uses more than one 
solid phase and each solid phase is used to determine the presence or amount of different 

20 antigens or parts thereof 

17. A method of diagnosing or monitoring infection in an animal caused by an 
immunogen comprising: 

obtaining a sample containing lymphocytes from the animal; 
25 determining the presence or amount of antibodies or parts thereof formed in the 

sample that are in response to the immunogen and associated with the lymphocytes; 

determining the amount of antibodies or parts thereof present in the sample; and 
comparing the amount of antibodies or parts thereof in the sample to a control or 
reference sample comprising a known amount of antibody to determine the presence or extent 
30 of infection by the immunogen. 

1 8 . The method of claim 1 , wherein the immunogen is a bacterial or viral antigen. 



35 
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19. The method of claim 18, wherein the antigen is derived from a virus selected from 
Herpes Simplex virus; Cytomegalovirus, human immunodeficiency virus, Hepatitis viruses, 
Toxoplasma, and Epstein-Barr virus. 

5 20. A method of determining the presence or amount of infection indicators in a sample, 
said infection indicators formed in response to an immunogen, comprising: 
obtaining a sample containing lymphocytes; 
disrupting the lymphocytes to release the infection indicators; and 
detecting the released infection indicators to determine the presence or amount of 

10 infection indicators in the sample. 



m 
m 
m 



w 

o 



20 



25 



30 



35 



-28- 



DCl -309619.2 




(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(„)W„r W I a==i O tgml za« 1 „» jgjjgj 111,11111,11,11,1,11 illlllllillllll 

(43) International Publication Date (10) International Publication Number 

21 December 2000 (21.12.2000) PCT WO 00/77525 A 1 

(51) International Patent Classification 7 : G01N 33/68, (71) Applicant (for GB only): JONES, Elizabeth, Louise 

33/569 [GB/GB]; Frank B. Dehn & Co., 179 Queen Victoria 

Street, London EC4V 4EL (GB). 

(21) International Application Number: PCT/GBOO/02316 

(72) Inventor, and 

(75) Inventor/Applicant (for US only): HAAHEEV1, Lars, 

(22) International Filing Date: 14 June 2000 (14.06.2000) Reinhardt [NO/NO]; University of Bergen, Department of 

Microbiology and Immunology, Bergen High Technology 

(25) Filing Language: English Centre, Post Box 7800, N-55020 Bergen (NO). 

(26) Publication Language: English ( 74 > A S ents: JONES ' Elizabeth, Louise et aL; Frank B. Dehn 
1 ' 8 S 8 & Co., 179 Queen Victoria Street, London EC4V 4EL 

(GB). 

(30) Priority Data: 

9913819.0 14 June 1999 (14.06.1999) GB (81) Designated States (national): AE, AG, AL, AM, AT, AT 

(utility model), AU, AZ, BA, BB, BG, BR, BY, CA, CH, 
(71) Applicant (for all designated States except US): PLAS- CN, CR, CU, CZ, CZ (utility model), DE, DE (utility 

MACUTE AS [NO/NO]; Thorm0hlensgt., N-5008 Bergen model), DK, DK (utility model), DM, DZ, EE, EE (utility 

(NO). model), ES, FI, H (utility model), GB, GD, GE, GH, GM, 

• [Continued on next page] 



\ (54) Title: ASSAY 



Person 6 BH 

6oo mm — — 320 

450 160 

300 Wmm 80 

150 /Hlli 40 

0 i S^— BH Z 1<40 

DayO Day 7 Day 13 

Days post vaccination 




Day 0 Day 7 

Days post vaccination 
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may also be modified to allow detection of 
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